Abstract. Hepatocellular carcinoma (HCC) has frequent incidence and the third highest mortality rate among cancers in the world. This study aimed to clarify the roles of miR-217 and metadherin (MTDH) in HCC. First, we identified that miR-217 expression was downregulated and MTDH expression was upregulated in the HCC tissues. Functional studies revealed that miR-217 negatively regulated MTDH expression via binding to the 3'-untranslated region of MTDH mRNA in the HCC cells. In our further studies, the miR-217 overexpression resulted in downregulation of MTDH expression in HCC cells. The miR-217 overexpression in HCC cells suppressed proliferation, migration, and invasion inducing apoptosis. Taken together, our study provides the initial evidence that the increase of MTDH expression is associated with the decrease of miR-217 expression in HCC. This study also suggests that miR-217 inhibits malignant progression of HCC in vitro and may be used for miRNA-based therapy, possibly via directly targeting MTDH.
Introduction
As one of the most common human malignancies, hepatocellular carcinoma (HCC) possesses the third highest mortality rate (1) . The therapies for HCC treatment have been notably promoted. Whereas, the overall rate of 5-year survival in HCC patients is only 12%, which remains dismal (2) . Surgical resection, radiofrequency ablation and liver transplantation may benefit some patients with early-stage HCC. However, advanced-stage HCC is diagnosed in most patients (3) . Therefore, the development of new strategies for better understanding of HCC and improving efficiency of HCC therapy are anticipated.
Recently, the dysregulated microRNAs (miRNAs or miRs) in HCC have been highlighted (4) . miRNAs are a family of non-coding RNAs, which comprise 20~25 nucleotides and are endogenous and conserved. Messenger RNA (mRNA) transcription can be suppressed by miRNAs, which directly target the 3'-untranslated regions (3'-UTRs) of complementary mRNAs in eukaryotes (5, 6) . Accumulating research suggests that a diversity of biologic processes involve miRNAs, such as carcinogenesis, differentiation, apoptosis, infection, and immunity (7) (8) (9) . Furthermore, it has been reported that the dysregulation of certain miRNAs are related to the progression and clinical outcomes of diverse cancers (10) (11) (12) . By targeting the complementary genes, miRNAs are able to regulate cancer cell proliferation, migration, invasion and apoptosis (13) , thereby suggesting that miRNAs play critical roles in cancers and probably provide a promising new way to treat cancer. In HCC, some miRNAs such as miR-145, miR133a (1), miR-144 (14) and miR-506 (15) have been reported with aberrant expression. Nevertheless, the roles of the dysregulated miRNAs and more specific miRNAs in HCC are still not well understood. miR-217 has been acknowledged as an inhibitor in various cancers including osteosarcoma (16, 17) , lung cancer (18) , pancreatic cancer (19) and clear cell renal cell carcinoma (20) . Moreover, it was reported that miR-217 inhibited invasion of HCC (21) . However, the detailed regulation mechanism of miR-217 in HCC is still under investigation.
Metadherin (MTDH), a 582-amino acid single pass transmembrane protein, is also known as lysine-rich CEACAM1 co-isolated (LYRIC) and astrocyte elevated gene-1 (AEG-1) (22 (25) . It was also identified that the overall survival rate and prognosis were poorer in HCC patients with MTDH overexpression (22) . MTDH is overexpressed in 90% of HCC patients and plays a pivotal role in HCC (26) , which suggests that MTDH may serve as an ideal target for anti-HCC therapy. However, the underlying molecular mechanisms of miR-217 and MTDH in HCC are poorly studied. The current research aimed to explore the roles of miR-217 and MTDH and the potential mechanisms regulating MTDH expression via miR-217 in HCC.
Materials and methods
Tissue specimen collection. HCC tissues and the normal adjacent liver tissues were collected from 20 patients in Nanfang Hospital, Southern Medical University (Guangzhou, China). All the tissues were collected before any therapy. The Ethics Committee of Nanfang Hospital, Southern Medical University approved the research. Each patient signed the informed consent.
Cell cultures. The human hepatocellular carcinoma cell line (HepG2) was purchased from the American Type Culture Collection (ATCC) (Rockville, MD, USA). Cells were cultured in Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine serum (FBS), 100 µg/ml streptomycin and 100 U/ml penicillin (Gibco, Carlsbad, CA, USA). The cells were incubated at 37˚C in a moist atmosphere containing 5% CO 2 .
Quantitative real-time RT-PCR (qRT-PCR).
RNA extraction from the tissues or cells was by TRIzol reagent obtained from Invitrogen (Carlsbad, CA, USA). The TaqMan MicroRNA Assays (Invitrogen) were applied to quantitate the relative expression of miR-217 and the standard SYBR Green RT-PCR kit (Takara Shuzo, Kyoto, Japan) was used to detect the mRNA expression of MTDH via qRT-PCR. Primers assigned for miR-217 and MTDH were obtained from GeneCopoeia (Rockville, MD, USA). Values were normalized to either small nucleolar RNA U6 or GAPDH.
Cell transfection. GenePharma (Jiangsu, China) provided the miR-217 mimics and negative control (NC) RNA oligonucleotides. Cells were transfected with miR-217 or NC mimics (100 nM) by Lipofectamine 2000 (Invitrogen) when 70-80% cell confluence in 6-well plates. After the transfection for 36 h, cells were collected for further tests.
Dual luciferase reporter assay. The expression plasmid for MTDH 3'-UTR wild-type or mutation and miR-217 were transfected into HepG2 cells. The firefly and renilla (the internal control) luciferase activities were examined by the dual-luciferase reporter assay system (Promega, Madison, WI, USA).
Western blot analysis. Proteins were extracted from HCC tissues or cells with RIPA lysis buffer and quantitated by the BCA protein assay kit (Bio-Rad, Hercules, CA, USA Immunofluorescence. Sells were seeded on coverslips (Nalge Nunc International, Penfield, NY, USA) in a 24-well plate and allowed to adhere overnight. then fixed with 4% paraformaldehyde and incubated with primary anti-MTDH antibody (Invitrogen) overnight at 4˚C. Cy3-conjugated secondary antibody was added and maintained at room temperature for 1 h. After washing the slides were counterstained with DAPI (Sigma-Aldrich). A confocal microscope (Olympus Corp., Tokyo, Japan) was used to obtain the fluorescence images.
Cell migration and invasion assays. Boyden chamber Transwells (8 µm, Millipore) was used to assess cell migration and invasion. The upper chamber with uncoated membrane (migration assay) or the membrane pre-coated with 100 µg Matrigel (invasion assay) was added with 200 µl cell suspension (1x10 5 cells/ml). The lower chamber was added with 600 µl DMEM and 10% FBS as a chemoattractant. The nonfiltered cells were gently removed and fixed with 4% paraformaldehyde after incubation for 24 h at 37˚C. Crystal violet (0.1%) (Sigma-Aldrich) was applied to stain the lower chamber with filtered cells. Quantitation was performed with a microscope (Olympus Corp.).
Statistical analysis. The data are presented as mean ± SD. Student's t-test was used to evaluate differences between the stimulated sample and the respective control. For multiple comparisons, statistically significant differences were assessed via one-way ANOVA. P-value <0.05 was deemed statistically significant.
Results

miR-217 expression decreases and MTDH expression increases in HCC tissues.
As depicted in Fig. 1A, compared with the matched normal tissues, miR-217 expression level in HCC tissues significantly decreased (P<0.0001). Moreover, the expression of MTDH was examined via qRT-PCR and western blotting in HCC tissues. Compared with the normal tissues, the mRNA expression of MTDH was significantly upregulated in HCC tissues (Fig. 1B) , as well as the protein expression of MTDH (Fig. 1C) . Fig. 2A , miR-217 bound to the 3'-UTR of MTDH gene. The dual luciferase reporter assay was further performed to confirm their relationship. As displayed in Fig. 2B , after cotransfection with the 3'-UTR of wild-type MTDH and miR-217, the relative luciferase activity was remarkably decreased in HepG2 cells (P<0.05). While the luciferase activity of the mutant construct showed little change, indicating that miR-217 inhibited MTDH transcription via directly targeting the 3'-UTR of MTDH.
miR-217 targets MTDH in HCC cells. As miR-217 and MTDH expressed negatively in HCC, we investigated whether miR-217 can target MTDH. As shown in
miR-217 negatively regulates MTDH expression in HCC cells.
To further validate the prediction of the suppression effect of miR-217 on MTDH gene, we explored whether miR-217 could regulate the expression of endogenous MTDH in HepG2 cells. As depicted in Fig. 3A and B, compared with the control or mimics NC, the miR-217 expression in the cells transfected with miR-217 mimics was notablely upregulated (P<0.01), indicating that the transfection efficiency was satisfactory. We next examined the MTDH mRNA expression and observed a remarkably downregulation after transfection with miR-217 mimics (P<0.01). Furthermore, we found by western blotting that the MTDH expression in the HepG2 cells with miR-217 overexpressed was markedly reduced compared with the control or mimics NC (Fig. 3C) . Similar results were obtained by immunofluorescence assays (Fig. 4) .
miR-217 suppresses proliferation and promotes apoptosis in HCC cells. miR-217 or NC mimics were transfected into
HepG2 cells to explore the role of miR-217 in HCC cells. As shown in Fig. 5A , the proliferation of miR-217-overexpressed cells was inhibited compared with the control or mimics NC. Moreover, the cell cycle showed similar results (Fig. 5B) . These data suggest that miR-217 played a proliferation suppressing role in HCC. In addition, we explored the effect of miR-217 upregulation on apoptosis in HCC. Compared with the control groups, the cell apoptosis notably increased in miR-217-upregulated HepG2 cells (Fig. 5C and D) , indicating that miR-217 expression promoted apoptosis of HCC cells. miR-217 overexpression markedly suppressed migration and invasion in HCC cells (Fig. 6B and C) .
Discussion
HCC is well known as one of the most lethal cancers globally for its low cure rate, high recurrence rate and high mortality (15) . The development of miRNAs provides a potential novel choice for HCC diagnosis and therapy (27) . miR-217 expression has been reported to be lower in cancer cells, however the role of miR-217 in HCC has not been well investigated (28) . To further identify the potential function and molecular mechanism of miR-217 in HCC, we used human HCC tissues or normal liver tissues to test miR-217 expression. As expected, the miR-217 expression in HCC tissues was remarkably decreased. These data suggest that miR-217 possibly serves as a new marker for HCC diagnosis or a novel target for HCC therapy.
Accumulating convincing studies have pointed out that MTDH may act as a pivotal element to cancer onset and progression (29) . It has been reported that MTDH is markedly upregulated in HCC patients and could be a novel serum biomarker for HCC (30) . MTDH has been demonstrated to be a potential critical gene regulating various biochemical phenotypes of cancer progression, such as metastasis, chemoresistance, transformation and evasion of apoptosis (31) . This study concurs that the expression levels of both mRNA and protein MTDH were significantly upregulated in the 20 HCC tissues compared to the matched normal adjacent tissues. MTDH contributes to HCC initiation and progression by a variety of mechanisms, such as interference with thyroid hormone (T3) function, downregulation of type I 5'-deiodinase (DIO1) level, a local hypothyroid state creation in the liver, activation of nuclear factor κB (NF-κB) and other protumorigenic signaling pathways (32) . Knockdown of MTDH inhibits proliferation, invasion and notably abolishes cancer onset, growth and metastasis (33, 34) . Thus, MTDH inhibition might be an effective way to counteract this fatal malady for which there is no effective treatment. MTDH inhibition will not only eliminate HCC but also ameliorate detrimental effects associated with the disease such as non-thyroidal illness syndrome (NTIS). Efforts need to be spent on the development of MTDH inhibitors in the clinic. miRNAs perform as an essential component in cancer initiation and development via targeting and then decreasing the expression of key regulator (15) . The present investigation was carried out to determine the relationship between miR-217 and MTDH. The findings show that miR-217 directly targeted 3'-UTR of MTDH, inhibiting both the mRNA and protein expression levels of MTDH. Moreover, miR-217 acts as an MTDH inhibitor in HCC. Thus, the cellular function of miR-217 was further examined. The miR-217 overexpression notablely restrained proliferation and promoted apoptosis of HCC cells. Furthermore, migration and invasion strongly decreased in miR-217-transfected cells. Taken together, this study indicates that miR-217 inhibits proliferation, migration, invasion inducing apoptosis possibly by targeting MTDH in HCC. The current study also revealed that miR-217 shows little effect on the cell cycle, suggesting the tumor suppression effect of miR-217 is not associated with cell cycle in HCC. As each miRNA may regulate several genes and each gene possibly is regulated by a variety of miRNAs, the detailed mechanism and upstream regulators of MTDH in HCC still need more exploration. In addition, we must point out that this study was executed in a single cell line and thus, more confirmation is needed.
In conclusion, this study indicates that miR-217 downregulates the expression of MTDH, a key regulator of tumor proliferation, migration and invasion in HCC cells. The findings in this study also encourage us to develop miR-217 as a new potential target for diagnosis and gene therapy of HCC.
